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BATTERY AND SYSTEM POWER SELECTOR INTEGRATION SCHEME 

5 Background 

The present disclosure relates generally to information handling systems, and 
more particularly to techniques for integrating selection and operation of power from 
battery and system power sources commonly used to provide energy to portable 
10 information handling system components such as notebook computers, personal 
digital assistants, cellular phones and gaming consoles. 

As the value and use of information continues to increase, individuals and 
is businesses seek additional ways to process and store information. One option 

available to users is information handling systems. An information handling system 
generally processes, compiles, stores, and/or communicates information or data for 
business, personal, or other purposes thereby allowing users to take advantage of 
the value of the information. Because technology and information handling needs 
20 and requirements vary between different users or applications, information handling 
systems may also vary regarding what information is handled, how the information is 
handled, how much information is processed, stored, or communicated, and how 
quickly and efficiently the information may be processed, stored, or communicated. 
The variations in information handling systems allow for information handling 
25 systems to be general or configured for a specific user or specific use such as 
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financial transaction processing, airline reservations, enterprise data storage, or 
global communications. In addition, information handling systems may include a 
variety of hardware and software components that may be configured to process, 
store, and communicate information and may include one or more computer 
systems, data storage systems, and networking systems. 

A battery converts chemical energy within its material constituents into 
electrical energy in the process of discharging. A rechargeable battery is generally 
returned to its original charged state (or substantially close to it) by passing an 
electrical current in the opposite direction to that of the discharge. Presently well 
known rechargeable battery technologies include Lithium Ion (LiON), Nickel 
Cadmium (NiCd), and Nickel Metal Hydride (NiMH). In the past, the rechargeable 
batteries (also known as "dumb" batteries) provided an unpredictable source of 
power for the portable devices, since typically, a user of the device powered by the 
battery had no reliable advance warning that the energy supplied by the 
rechargeable battery was about to run out. 

Today, through the development of "smart" or "intelligent" battery packs, 
batteries have become a more reliable source of power by providing information to 
the information handling system and eventually to a user as to the state of charge, 
as well as a wealth of other information. The "smart rechargeable battery", which is 
well known, is typically equipped with electronic circuitry to monitor and control the 
operation of the battery. A smart battery system, which typically includes at least 
one smart battery, is operable to provide power to a portable device. 

It is desirable to maximize the amount of time the portable device may be 
used in a battery-operated mode. Various well-known power management tools and 
methods of extending the time of use of batteries exist. For example, the following 
U.S. patents describe various aspects of using dual smart batteries and are 
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incorporated herein by reference: Dual Smart Battery Detection System And Method 
For Portable Computers (U.S. Patent 5,818,200), and Increased Battery Capacity 
Utilizing Multiple Smart Batteries (U.S. Patent 6,262,562), and Smart Battery 
Selector Offering Power Conversion Internally Within A Portable Device (U.S. Patent 
5,903,764). 

In U.S. Patent 5,818,200, one such method of maximizing the amount of time 
available to a portable device operating in a battery-powered mode is disclosed. In 
this method, two or more batteries are included for use in a power supply for 
supplying energy to the portable device. In such dual battery systems, in order to 
limit the possibility of an over current condition it is common practice that only one of 
the batteries may be charged or discharged at any given time. Currently, this is 
accomplished by including in a dual battery system a "smart selector" component for 
ensuring that only the battery selected by a Basic Input Output System (BIOS) in 
accordance with various criteria is connected to be charged or discharged at a given 
time. 

While smart selector circuits serve an important purpose, they suffer certain 
deficiencies. For example, smart selector circuits typically include several switches 
each including back-to-back FET's to control which battery is being charged or 
discharged, making it a fairly expensive circuit to implement. 

In alternative power supply systems disclosed in the U.S. Patent 5,818,200, 
the smart batteries are mutually detected by cross coupling, i.e., by directly 
connecting an output of one to an input of another and vice versa. While the mutual 
detection technique reduces the number of switches, it may not offer sufficient 
protection in the operation of the internal switch in case of conflicts. For example, 
the functionality provided by some of the removed components may not be 
adequately included in the improved design. More specifically, while battery A is 
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being charged, a user may insert a new battery B, which has the internal switch in a 
closed position. This may result in both batteries being charged simultaneously, 
possibly causing an over current condition. As another example, while transitioning 
from charging battery A to battery B or vice versa, the user may disconnect the AC 
power supply. This may result in an unpredictable state of the internal switch in 
each battery. 

Operating conflicts may arise when the controller wants to charge the battery 
but the battery is already fully charged or when the controller wants to charge the 
battery but the battery detects an over current or over temperature condition. A 
failure to quickly detect the removal of the AC power source may result in a system 
shutdown if the battery discharge switches remain in an open position. These 
examples illustrate that operating conflicts typically result in a reduced reliability of 
the power supply system. 

Thus, the presence of smart batteries especially the simultaneous presence 
of two or more batteries in a portable device imposes certain operating constraints 
on the AC/smart battery power source selector circuit. Failure to impose the 
operating constraints may result in generating the operating conflicts, and hence in 
reduced reliability. 

Therefore a need exists to develop techniques for integrating the selection 
and operation of power from battery and system power sources commonly used to 
provide energy to portable information handling system components. More 
specifically, a need exist to develop tools and techniques for reducing operating 
conflicts in a portable device that is less expensive and more reliable than such 
systems and methods heretofore available. Accordingly, it would be desirable to 
provide tools and techniques for integrating the selection of battery and system 
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power sources included in an information handling system absent the disadvantages 
found in the prior methods discussed above. 

Summary 

The foregoing need is addressed by the teachings of the present disclosure, 
which relates to a system and method for integrating the selection and operation of 
power from battery and system power sources used to provide energy to portable 
information handling system devices. According to one embodiment, in a method 
for operating each smart battery included in a smart battery system, the smart 
battery is initialized prior to the smart battery being electrically coupled to the smart 
battery system. The smart battery system or an external power source is selected 
to provide power to an information handling system device. The smart battery 
includes a smart electronics, a charge switch and a discharge switch. The smart 
electronics operates the charge and discharge switches to jointly control an 
operating condition of the smart battery in response to receiving a control input from 
a controller of the device. The charge and discharge switches are closed in 
response to the smart electronics and the controller being in agreement to charge 
the first smart battery. The charge or the discharge switch is opened in response to 
either the smart electronics or the controller directing either of the switches to be 
opened. 

In one embodiment, a power supply system provides power to a portable 
information handling system device. The power supply system is connected to an 
AC adapter for deriving power from an AC power source. The power supply system 
includes a smart battery system having at least one smart battery, a battery charger 
and a power source selector. Each of the smart batteries included in the smart 
battery system is capable of being individually selected to be operable. Each of the 
smart batteries includes a smart electronics, a charge switch, and a discharge 
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switch. The smart electronics operates the corresponding charge and discharge 
switches to control an operating condition of the smart battery. The smart 
electronics is also operable to receive a control input from a controller included in 
the information handling system device to jointly control the operating condition. 
5 The charge and discharge switches of each of the smart batteries are operable to 
be closed in response to the corresponding smart electronics and the controller 
being in agreement to charge the corresponding smart battery. The battery charger 
is operable to receive charge from the AC adapter and provide the charge to a 
selected one of the smart batteries and the power source selector is operable to 
10 select either the smart batteries or the AC power source to provide the power to the 
device. 

Several advantages are achieved by the method and system according to the 
illustrative embodiments presented herein. The embodiments advantageously 
is provide for a reduced occurrence of operating conflicts and improved reliability while 
reducing the number of components. 

Brief Description of the Drawings 

20 

FIG. 1 illustrates a diagrammatic representation of a system for integrating 
the selection and operation of battery and system power sources used to provide 
power to portable devices, according to an embodiment. 

25 FIG. 2 illustrates a diagrammatic representation of the smart battery system 

of FIG. 1 , according to an embodiment. 

FIG.'s 3A, 3B, 3C, 3D, 3E and 3F illustrate various operating states of 
switches to reduce occurrences of operating conflicts, according to an embodiment. 
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FIG. 4 is a flow chart illustrating a method for operating the first smart battery 
of the smart battery system, according to an embodiment. 

FIG. 5 illustrates a block diagram of an information handling system to 
implement method or apparatus aspects of the present disclosure, according to an 
embodiment. 

Detailed Description 

Novel features believed characteristic of the present disclosure are set forth 
in the appended claims. The disclosure itself, however, as well as a preferred mode 
of use, various objectives and advantages thereof, will best be understood by 
reference to the following detailed description of an illustrative embodiment when 
read in conjunction with the accompanying drawings. The functionality of various 
devices or components described herein may be implemented as hardware 
(including circuits) and/or software, depending on the application requirements. 

Each smart battery in a portable device imposes certain operating constraints 
on the operation and selection of the AC and/or the smart battery system power 
source, especially when two or more smart batteries are present in the smart battery 
system. Failure to impose the operating constraints, while attempting to reduce the 
number of components, may result in generating the operating conflicts. There is a 
need for integrating the selection and operation of power from battery and system 
power sources commonly used to provide power to portable devices. According to 
one embodiment, in a method for operating each smart battery included in a smart 
battery system, the smart battery is initialized prior to the smart battery being 
electrically coupled to the smart battery system. The smart battery system or an 
external power source is selected to provide power to the information handling 
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system device. The smart battery includes a smart electronics, a charge switch and 
a discharge switch. The smart electronics operates the charge and discharge 
switches to jointly control an operating condition of the smart battery in response to 
receiving a control input from a controller of the device. The charge and discharge 
switches are closed in response to the smart electronics and the controller being in 
agreement to charge the first smart battery. The charge or the discharge switch is 
opened in response to either the smart electronics or the controller directing either 
of the switches to be opened. 

FIG. 1 illustrates a diagrammatic representation of a system for integrating 
the selection and operation of battery and system power sources commonly used to 
provide power to portable information handling system devices such as notebook or 
laptop computers, according to an embodiment. The system for selecting and 
operating battery and system power sources of the portable device 101 includes: 1) 
a smart battery system 110, which includes a first smart battery 112 and an optional 
second smart battery 1 16, 2) a controller 170 included in the portable device 101 for 
controlling the selection and operation of the battery and system power sources, 3) 
an external AC power source 140, 4) an AC/DC adaptor device 130 for converting 
the AC voltage/power to DC voltage/power, 5) a charger device 120 providing the 
charge to each of the smart batteries 112 and 116 via a charge line 152, 6) a 
system power switch 132 for controlling the flow of power from the AC/DC adaptor 
130 to the portable device 101 by control line 164, and 7) a battery power switch 
134 for controlling the flow of power from the smart battery system 1 10 to the 
portable device 101 by control line 166. Additional details of the smart battery 
system 1 10 are described in FIG. 2. 

The controller 170 included in the portable device 101 is operable to control 
various inputs and outputs of the device. For example, the controller 170 may be 
used to control inputs and outputs of a keyboard of the device 101 . In this 
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embodiment, the controller 170 is used to receive inputs from various power sources 
and loads to control the flow of power from various sources of power such as the 
smart battery system 110 and the AC power source 140 to the various loads of the 
power such as the portable device 101 . 

It is well known that smart batteries such as 1 12 and 116 are operable to 
control various operating conditions of the battery such as charging, discharging, 
ready to receive a charge, discharged, and ready to discharge, all of which affect the 
flow of power. In this embodiment, the intelligence of the controller 1 70 and the 
smarts in the batteries 112 and 1 16 is advantageously combined to reduce the 
number of components utilized and to reduce occurrences of operating conflicts. 

Thus, the controller 170 operating in combination with the smart batteries 112 
and 116 controls the flow of power from a source to a load. If AC power source 140 
is available then the system power switch 132 is closed and the battery power 
switch 134 is opened to deliver the power from external source to the portable 
device 1 01 . While in this operating condition, one of the smart batteries 1 1 2 or 1 1 6 
may receive a charge from the charger 120 when directed jointly by the controller 
170 and the corresponding smart battery. If the external AC power source 140 is 
not available then the system power switch 132 is opened and the battery power 
switch 134 is closed to deliver the electrical energy stored in the smart battery 
system 110 to the portable device 101. While in this operating condition, one of the 
smart batteries 1 12 or 1 16 may be selected by the controller 170 and the 
corresponding smart battery in response to monitoring a charge status of the 
batteries or in response to other user-defined criteria. 

In one embodiment, the battery charge line 152 and the control line 162 may 
be implemented using a well-known System Management Bus (SMBus) (not 
shown), which is widely used in the industry. In one embodiment, the battery charge 



10 



PATENT 

Docket No.: 16356.803 (DC-04938) 
Customer No.: 000027683 

line 152 and the control line 162 may be implemented using dedicated, electrically 
conducting lines or paths. 

FIG. 2 illustrates a diagrammatic representation of the smart battery system 
110 including smart batteries 112 and 116, according to an embodiment. The first 
smart battery 112 includes a first smart electronics 1 13, a first charge switch 114 
and a first discharge switch 115. Similarly, the second smart battery 116 includes a 
second smart electronics 1 17, a second charge switch 118 and a second discharge 
switch 119. In one embodiment, each of the switches 114, 115, 118 and 119 are 
implemented using MOSFET body diode devices. The MOSFET body diodes are 
advantageously used to minimize the impact of an accidental reverse connection of 
the battery 1 12 or 1 16 or other over-current causing conditions. The MOSFET body 
diodes are also useful to maximize the availability of power to the device 101 . 

The first smart battery 112 also includes at least one rechargeable cell 105 
connected in series with the switches 1 14 and 115, and having a positive terminal 
106 and a negative terminal 107 shown as ground. Other cells may be present but 
are not shown. The terminals 106 and 107 are coupled to the first smart electronics 
1 13 for monitoring purposes. The first smart electronics 1 13 is electrically coupled 
to the battery charge line 152 and the control line 162 for interfacing with external 
devices such as the charger device 120 and the controller device 170 respectively. 

The first smart electronics 113 and the controller 170 jointly control the 
operating condition such as charging or discharging associated with the first smart 
battery 112. More specifically, the first smart electronics 1 13 monitors the energy 
level of the rechargeable cell 105. When requested by the controller 170, the first 
smart electronics 1 13 is operable to provide energy stored in the rechargeable cell 
105 to the portable device 101 during a discharge operating condition. The first 
smart electronics 1 13 is operable to notify the controller 170 when the energy level 
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of the rechargeable cell 105 falls below a predefined threshold level. During a 
charge operating condition, the first smart electronics 1 13 is operable to receive a 
charge from the charger 120 via the charge line 1 52 and transfer the charge to the 
rechargeable cell 105 when required. 

Similarly, the second smart battery 116 also includes at least one 
rechargeable cell 165 connected in series with the switches 118 and 119, and 
having a positive terminal 166 and a negative terminal 167 shown as ground. In one 
embodiment, the cell 165 may be the same as the cell 105. Other cells may be 
present but are not shown. The terminals 166 and 167 are coupled to the second 
smart electronics 1 17 for monitoring purposes. The second smart electronics 117 
includes the battery charge line 152 and the control line 162 for interfacing with 
external devices such as the charger 120 and the controller 170 respectively. 

Similar to the first smart electronics 1 13, the second smart electronics 117 
and the controller 1 70 jointly control the operating condition such as charging or 
discharging associated with the second smart battery 116. More specifically, the 
second smart electronics 117 monitors the energy level of the rechargeable cell 165. 
When requested by the controller 170, the second smart electronics 1 16 is operable 
to provide energy stored in the rechargeable cell 165 to the portable device 101 
during a discharge operating condition. The second smart electronics 116 is 
operable to notify the controller 170 when the energy level of the rechargeable cell 
165 falls below a predefined threshold level. During a charge operating condition, 
the second smart electronics 1 16 is operable to receive a charge from the charger 
120 via the charge line 152 and transfer the charge to the rechargeable cell 165 
when required. 

The first charge switch 114 and the first discharge switch 1 1 5 are operable to 
be placed in either an open or closed position in response to receiving outputs 
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generated by the first smart electronics 113 and transferred via control lines 182 and 
183 respectively. Similarly, the second charge switch 118 and the second discharge 
switch 119 are operable to be placed in either an open or closed position in 
response to receiving outputs generated by the second smart electronics 117 and 
transferred via control lines 184 and 185 respectively. 

To advantageously reduce occurrences of operating conflicts during a charge 
operating condition switches 114 and 1 15 are closed when both, the smart 
electronics 113 and the controller 170, agree that the first smart battery 1 12 is in the 
charge operating condition. When both are in agreement the smart electronics 113 
generates outputs, which result in closing switches 114 and 115, the outputs being 
transferred via control lines 182 and 183. In case of a disagreement, the logic i.e., 
the operating condition determined by the smart electronics 113 prevails. Operation 
of switches 1 18 and 1 19 is similar. For example, when the controller 170 instructs 
the first smart battery 1 12 to charge but the first smart battery 1 12 is already fully 
charged then the first smart battery 1 12 is able to override the request from the 
controller 170 to prevent an overcharge condition. Similarly, if the controller 170 
instructs the first smart battery 1 12 to charge but the battery 112 detects an over 
current or over temperature condition then the battery 1 12 is operable to disconnect 
itself and terminate the charge request. 

Similarly, to advantageously reduce occurrences of operating conflicts during 
non-charge operating conditions switches 114 and 1 15 are operable to be opened 
when either the smart electronics 1 13 or the controller 1 70 directs the switch 1 14 or 
1 1 5 to be opened. The smart electronics 113 generates outputs, which result in 
opening switches 1 14 or 1 15, the outputs being transferred via control lines 182 and 
183. Operation of switches 118 and 1 19 is similar. 
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The smart battery system 110 described above advantageously improves the 
runtime of the device 101 operating in a battery-powered mode due to reduced 
losses in the discharge path. The system 110 includes a reduced component count, 
and hence occupies smaller board space compared to traditional systems thereby 
resulting in lower costs and higher system reliability. The system 110 having the 
first and second smart batteries 112 and 1 16 is operable to efficiently discharge and 
charge in parallel given appropriate switch controls for each of the switches thereby 
reducing system power dissipation. 

FIG.'s 3A, 3B, 3C, 3D, 3E and 3F illustrate various operating states of 
switches to reduce occurrences of operating conflicts, according to an embodiment. 
Referring to FIG. 3A an initialization step is illustrated, according to one 
embodiment. In this embodiment, in order to advantageously reduce occurrences of 
an inadvertent charge operating condition upon the introduction of a new smart 
battery into the smart battery system 110, switches 114 and 1 15 or switches 118 
and 1 19 are opened during an initialization process for the new battery. The 
initialization process reduces the occurrence of an inadvertent charge. The 
initialization process is completed prior to electrically coupling the charge line 152 
and the control line 162 to the new battery. That is, the initialization process is 
completed before the new battery is loaded into the smart battery system 1 10 and 
hence electrically coupled to the smart battery system 110. The new battery may 
include the first and second smart batteries 1 12 and 116. 

Referring to FIG.'s 3B, 3C, 3D, 3E and 3F operating states of switches 1 14, 
1 15, 1 18 and 1 19 while switching from charging of the first smart battery 1 12 to 
charging of the second smart battery 1 16 are illustrated, according to an 
embodiment. In FIG. 3B, initially the first smart battery 1 12 is being charged. While 
switching the charge being provided from the first smart battery 1 12 to the second 
smart battery 116, the first charge switch 114 is closed, the first discharge switch 
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1 15 is closed, the second charge switch 1 18 is open, the second discharge switch 
1 19 is open, the system power switch 132 (not shown) is closed and the battery 
power switch 134 (not shown) is opened. 

In FIG. 3C, the first charge switch 1 14 is opened while the first discharge 
switch 115 remains closed. The second charge switch 118 remains open and the 
second discharge switch 119 remains open. In FIG. 3D, the second discharge 
switch 1 19 is closed and the second charge switch 118 remains open. The first 
charge switch 1 14 remains open and the first discharge switch 115 remains closed. 
In FIG. 3E, the first discharge switch 1 15 is opened. The first charge switch 1 14 
remains open. The second discharge switch 119 remains closed and the second 
charge switch 118 remains open. In FIG. 3F, the second charge switch 1 18 is 
closed, the second discharge switch 119 remains closed, the first charge switch 1 14 
remains open and the first discharge switch 115 remains open. The switching of 
charge from the first smart battery 1 12 to the second smart battery 1 16 is complete. 
During the switching sequence, the system power switch 132 remains closed and 
the battery power switch 134 remains open. 

A similar switching sequence may be used to switch a charge from the 
second smart battery 1 16 to the first smart battery 112. If the AC power source 140 
is removed then the system power switch 132 is opened first followed by closing the 
battery power switch 134. Similarly, if the AC power source 140 is re-applied then 
the battery power switch 1 34 is opened first followed by closing the system power 
switch 132. The above-described switching sequence advantageously reduces the 
occurrence of operating conflicts caused due to external events such as removal of 
AC power source 140 during the transition. 

As described earlier, the use of MOSFET body diode devices to implement all 
switches including 132 and 134 advantageously maximizes power available to the 
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device 101. If AC power source 140 is removed and one of the batteries 1 12 or 1 16 
has its discharge switch 1 15 or 1 19 on then that battery is operable to supply power 
to the device 101 . However, before switch 134 is closed to connect the battery 112 
or 1 16 to the device 101 the logic described above ensures that the switch 132 is 
open first. This advantageously prevents the user from reapplying AC power 140 
before switch 132 is opened. The switching sequences described above control the 
switches 132, 134, 1 14, and 1 15 to advantageously create safe and effective 
charging conditions, and maximize the availability of power to the device 101 . 
Thus, the above-described switching sequence advantageously reduces the 
occurrence of operating conflicts caused due to external events such as removal of 
AC power source 140 during the transition. 

FIG. 4 is a flow chart illustrating a method for operating the first smart battery 
1 12 of the smart battery system 110, according to an embodiment. In step 410, the 
first smart battery 1 12 is initialized prior to the first smart battery 112 being 
electrically coupled to the smart battery system 110. In step 420, the first charge 
and discharge switches 1 14 and 115 are closed in response to the first smart 
electronics 113 and the controller 170 being in agreement to charge the first smart 
battery 112. In step 430, the first charge switch 1 14 is opened in response to either 
the first smart electronics 1 1 3 or the controller 1 70 directing the first charge switch 
1 14 to be opened. In step 440, the first discharge switch 1 15 is opened in response 
to either the first smart electronics 1 13 or the controller 117 directing the first 
discharge switch to be opened. 

Operation of the optional second smart battery 1 14 of the smart battery 
system 1 10 is similar. Various steps described above may be added, omitted, 
combined, altered, or performed in different orders. For example, steps 430 and 
440 may be combined into a single step. 
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FIG. 5 illustrates a block diagram of an information handling system to 
implement method or apparatus aspects of the present disclosure, according to an 
embodiment. For purposes of this disclosure, an information handling system 500 
may include any instrumentality or aggregate of instrumentalities operable to 
compute, classify, process, transmit, receive, retrieve, originate, switch, store, 
display, manifest, detect, record, reproduce, handle, or utilize any form of 
information, intelligence, or data for business, scientific, control, or other purposes. 
For example, the information handling system 500 may be a personal computer, a 
network storage device, or any other suitable device and may vary in size, shape, 
performance, functionality, and price. 

The information handling system 500 may include random access memory 
(RAM), one or more processing resources such as a central processing unit (CPU) 
or hardware or software control logic, ROM, and/or other types of nonvolatile 
memory. Additional components of the information handling system may include 
one or more disk drives, one or more network ports for communicating with external 
devices as well as various input and output (I/O) devices, such as a keyboard, a 
mouse, and a video display. The information handling system may also include one 
or more buses operable to transmit communications between the various hardware 
components. 

Referring to FIG. 5, the information handling system 500 includes a processor 
510, a system random access memory (RAM) 520, a system ROM 522, a display 
device 505, a keyboard 525 and various other input/output devices 540. It should 
be understood that the term "information handling system" is intended to encompass 
any device having a processor that executes instructions from a memory medium. 
The information handling system 500 is shown to include a hard disk drive 530 
connected to the processor 510 although some embodiments may not include the 
hard disk drive 530. The processor 510 communicates with the system components 
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via a bus 550, which includes data, address and control lines. A communications 
device (not shown) may also be connected to the bus 550 to enable information 
exchange between the system 500 and other devices. 

In one embodiment, the information handling system 500 may be used to 
implement the portable information handling system device 101 described in FIG. 1. 
The smart battery system 110 (not shown) may be configured to provide power to 
the information handling system 500. 

The processor 510 is operable to execute the computing instructions and/or 
operations of the information handling system 500. The memory medium, e.g., 
RAM 520, preferably stores instructions (also known as a "software program") for 
implementing various embodiments of a method in accordance with the present 
disclosure. In various embodiments the one or more software programs are 
implemented in various ways, including procedure-based techniques, component- 
based techniques, and/or object-oriented techniques, among others. Specific 
examples include assembler, C, XML, C++ objects, Java and Microsoft Foundation 
Classes (MFC). For example, in one embodiment, the BIOS program described 
may be implemented using an assembler language code. 

Although illustrative embodiments have been shown and described, a wide 
range of modification, change and substitution is contemplated in the foregoing 
disclosure and in some instances, some features of the embodiments may be 
employed without a corresponding use of other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the embodiments disclosed herein. 
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